We have devised an artificial sampling approach generating \absorp-tion flattening" (AF) on the UV-Vis spectrum of a solution of a chiral compound: Tris (ethylendiamine)cobalt(III) chloride (L-Co(en) 3 Cl 3 ). We have observed a concomitant red shift of the CD maxima. Related CD and absorption spectra have been calculated from spectra recorded on diluted homogeneous solutions, thus monitoring the effect of AF on both types of data. Experimental data are in good agreement with calculated spectra. Simulations with suitable bandshapes show that the red shift of the CD spectrum is due to AF. On the basis of these results, we conclude that AF is an important cause of distortions in CD spectra for inhomogeneous samples. Plans to compensate or at least to take into account this effect are presented. 
INTRODUCTION
Absorption flattening (AF) is a well-known, but often neglected, phenomenon 1 considered mainly for absorption spectroscopies of biomolecules. 2 It takes place when absorbing particles are not uniformly distributed in the total volume of the cell, and it is present when dealing with suspensions, membranes, etc., but happens also with solids dispersed in KBr or other similar matrices. IR spectroscopists should be familiar with it, when evaluating quality of pellets or accepting spectral compromises with easy-sampling diffuse reflectance accessories. In short, AF can be considered, and actually acts, as stray-light. Usually, though stray light in spectrometers is radiation of different wavelength from the one selected by the monochromator; in this case, it is radiation at the proper wavelength which may pass freely through the nonhomogeneous sample. The quantitative effects of AF are not easily estimated. We want here to consider also the effect of AF on CD spectra, a problem already reported in the literature. 3, 4 We consider here a simplified model in which the sample is not homogeneous, and consequently, the radiation is free to pass through it without interaction with sample chromophores in a certain percentage. Let us define f by the ratio of the number of photons which interact with the absorbing sample and the total number of incoming photons. We now estimate the effect on absorption/transmittance and CD spectra as follows:
Absorption
The transmittance T(k) spectrum of the sample can be considered as the sum of the absorbed and the free-topass components.
where T Exp is the expected transmittance of the inhomogeneous sample, T Sam is the transmittance given by photons interacting with sample chromophores,T Sol is the transmittance of photons passing through the solvent only, and f is the factor defined earlier.
Circular Dichroism
CD (in conventional instruments based on electro-optic modulators) can be expressed as the ratio between the AC(k) and the DC(k) components. Indeed, the CD signal is defined as
where I L and I R are the intensities for left and right circularly polarized light. In practical terms, commercial instruments measures the AC component by a lock-in amplifier, while the DC component is kept constant all over the spectral range by the dynode feedback. 5 Here again, the overall AC signal can be assumed to be just the superposition of the AC signals, and so we will have where CD Exp (k) is the expected CD of the inhomogeneous sample, AC Sam (k) and AC Sol (k) are the AC component of the CD signal due to interacting and noninteracting photons, and DC Exp (k)is the DC component of the inhomogeneous sample.
As shown below, eq. 2 will allow us to take into account that the classical relationship CD ¼ AC/DC is mainly distorted by the wrong high T coming from the AF effect. We note that in general there is a good amount of published CD data exhibiting this phenomenon. As a work example we have chosen Tris(ethylendiamine)cobalt(III) chloride (L-Co(en) 3 Cl 3 complex) water solution. 6 This compound has been previously used to compare spectra in solution and solid state, about which a few references are worth mentioning:
An early JASCO Application Note 7 : \. . . bromide rather than chloride complex in KBr pellet, main 490-nm band shifted in the red, compared to H 2 O solution spectrum.
Reason not identified, but suspects on particle size, relative refractive indexes or absorption flattening . . ."; A paper from Kuroda 8 reports the same red shift between KBr and aqueous solution spectra, even if the spectra are described as similar; In one paper 9 by one of us, introducing the use of diffuse reflectance sphere for CD, we observed the same phenomenon with sample powder dispersed on a transmitting surface or pressed in CsI pellets, either in transmission mode or by diffuse reflectance. A relation between the red shift and sample concentration was observed for spectra obtained in pellet, but was not justified; In a further paper, 10 the same shift was noticed in diffuse reflectance mode, when diluting sample in KBr powder: the observed red shift increases with sample concentration going from 0.3% to 100%. This was explained as a sort of \solvent or proximity effect."
MATERIALS AND METHODS
We emulate an AF sample in the following way: we prepare a conveniently concentrated (&3.65 3 ples for monitoring AF effects have been prepared by filling them in a 10-mm pathlength rectangular quartz micro cell (inside width 2 mm) with five times more concentrated solutions, to maintain the same quantity of chiral substance in the two cells. In this mode, the sample beam (%9 mm diameter) is only partially passing through the solution, while most of it is free to pass through the transparent walls of the cell (Fig. 1 , left and center); in this way, we emulate a sample which is not uniformly distributed in the cell total volume. All CD and absorption spectra have been recorded on a JASCO J-710/715 spectrometer, using 2-nm SBW, 100 nm/min scanning speed, 0.5 sec of integration time, and 0.2 nm of data pitch. Absorption spectra have been collected as HT voltage and converted into absorbance by JASCO Spectra Manager standard software. All data are blank subtracted following conventional procedures.
RESULTS

Absorption Data
Figure 2 (top left) shows the absorption spectra of LCo(en) 3 Cl 3 complex solution in the standard 10 3 10 mm 2 cell (solid line) compared with the one obtained with a five times more concentrated solution in the 2-mm micro cell (dotted line) (emulating in this way the fact that all absorbing molecules are occupying 20% of the cell volume). The AF effect is very evident, and the result fully justifies the name. As a further step, measurements were repeated with the less concentrated solution filled this time in the microcell (dotted line), while data related to standard cell were simply calculated by data processing (solid line). Figure 2 (bottom left) shows the overlay of the resulting absorbance spectra, now much more similar in shape, but some AF is still evident mainly for the 465-nm band. At this point, in order to verify the validity of our model, we have calculated the absorption spectra using eq. 1. The f factor to be used is evaluated by geometrical consideration and is 0.28 (indeed, the full beam size is 9-mm diameter, i.e. 64 mm 2 , while the sample in the microcell fills a 9 3 2 mm 2 area), since the absorption of the solvent (actually the cell walls) is assumed zero, and so eq. 1 becomes T Sam (k) is taken from absorption spectra in the normal 10 3 10 mm 2 cell (with multiplying factors of 5 and 1 for the two cases). Spectra calculated in this way were converted into absorbance for easy presentation. Figure 3 (left) shows the overlay of the two spectra obtained through eq. 1 0 (solid line) together with the actual experimental ones (dotted line). Figure 2 (top right) shows the CD spectra taken in the same cell conditions as the absorption spectra of Figure 2 (top left). Distortions here are very evident: the major positive CD band is red-shifted and strongly attenuated, the negative one is virtually lost, and the positive one is weaker and red-shifted. Even the diluted sample spectrum (Fig. 2 , bottom right), while much improved, still shows distortions and red shift for both the positive CD band. The related calculated CD spectra, using eq. 2 results from As mentioned earlier, CD Sam (k) was calculated from the related spectra obtained in the standard cuvette by multiplying with the concentration factor. Calculated spectra on the basis of equation (2 000 ) for the two concentrations are overlayed to the experimental measurements and are shown in Figure 3 (right): here the matching between experimental and theoretical data is nearly perfect. Both calculated and experimental results clearly indicate that the red wavelength shift previously observed for the main 490-nm band (as well as spectra distortion clearly present in actual CD spectra) of this L-Co(en) 3 Cl 3 complex in solidstate sampling can be easily estimated:
CD Data
Considering a solution-phase sampling when AF is present (with our sampling model). By simple calculations from original CD and absorption spectra, applying a suitable f factor. This proves that spectra distortions observed in solid-state in many instances may come from AF (a physical reason) rather than conformational changes (chemical reason).
The AF effect can be accounted for by applying the aforementioned equations to Gaussian bandshapes. With the aid of an algebraic manipulator we have reproduced the spectra of Figure 2 (left), assuming that the absorption band centered at 460 nm has a Gaussian shape with r ¼ 40 nm (Fig. 4a, dashed line) . The solid lines under this curve are the prediction of the effect of confining the chiral substance to a volume f times the original one (f ¼ 1/1.1, 1/2, 1/3, 1/4, 1/5); accordingly, T Sam is T 1/f . The analog CD of Figure 4a for the same values of f appears in Figure 4b , where the dotted line is again the CD for the homogeneous sample. The solid lines are computed using eq. 2 000 . AF apparently causes a distortion and a shift in wavelength, because of the different positions of the absorption and CD peaks. In the case presented here they are separated by 30 nm, and the absorbance peak is at lower wavelengths. In these conditions a red shift occurs, as in Figure 2 , and the shift is enhanced when f tends to zero. Conversely, if the absorbance peak were at higher wavelengths with respect to the CD peak, a blue shift would ensue, still growing as the curves grow less. Indeed, a shift breaks through as soon as the CD and absorbance peaks do not coincide. This is shown in Figure  4c , where, besides the reference CD spectra of the homogeneous sample, a variety of curves have been produced for several wavelength peak differences (all of these latter for f ¼ 1/5). If the two peaks are made to coincide (at 490 nm in our case), then the symmetry is preserved (lowest curve). The other curves show that as the absorbance peak moves away from the CD one (fixed at 490 nm, while the other peak is made to go to 440 nm by steps of 10 nm) the AF effect, no longer concealed by symmetry, becomes smaller and smaller. At about 400 nm, the curve (not represented) would hardly be distinguishable from the dashed line.
Alongside with the earlier derivation, we would like to make the following comments:
i.
AF-induced distortions in CD spectra are more severe than in the absorption ones; in particular, CD bands are not observed at the same wavelength as absorption ones, since AF induces a wavelength shift of the CD bands; ii. In simple cases, it is possible to provide a mathematical model like the one we have provided, to account for the distortion effects, starting from the CD Sam (k) and the absorption spectra T Sam (k) in solution. When the f factor is difficult to estimate, a trial with different f values will give proper indications. But remember to correct also absorption and CD spectra in solution for a concentration effect equal to 1/f ; iii. In any case, the simplest and safest way to eliminate or at least reduce AF effects is sample dilution, if sensitivity allows; iv. The importance to collect absorption spectra together with CD spectra must be stressed, and obviously absorption data collection should be made on the same instrument with identical sampling beam geometry as CD.
CONCLUSIONS
Herewith we have been showing that AF is the reason for wavelength shifts and distortions in the CD spectra of L-Co(en) 3 Cl 3 complex inhomogeneous solutions with respect to the CD spectra of clean solutions. We opine that the same reason may explain similar CD spectra distortions reported for other samples when comparing solution to solid-state data. For example, Watanabe et al. in a poster paper 11 at the CD-2005 Conference showed that in the well-known ammonium d-10 camphorsulphonate spectra taken in KCl pellet, the 290-nm band is somehow redshifted with respect to what was observed in water solution (Fig. 5) ; also in this case, the absorption spectra in solution shows that the absorption band is at lower wavelengths than the CD one: this will explain the red shift of the CD solid-state spectra.
The proposed method to estimate AF with a microcell can be used in several cases. However, when spectra need to be run in the shorter wavelength UV range with short pathlength cuvettes, this approach is not possible (since no commercial short-path microcell is available), and so a partial filling of the cuvette may be used as an alternative (Fig.  1, right) . However, in these cases, we have no way to take into account solvent/buffer absorption which is likely to be sizeable in the low wavelength UV range. A further special solid-sampling case would be film analysis. In this case, additional cautions are necessary, since macroscopic anisotropies 12 may play an additional role in spectra distortion. May we extend the earlier approach to solution-phase spectra of suspensions, membranes, and aggregates? We think we may, since they are a sort of solid-state spectroscopy in which the solid sample is dispersed in a liquid. AF will play a major role with these samples, but also light scattering (LS) will give contribution. If particles are achiral, LS will only reduce the number of photons collected by the photomultiplier tube and impair the signal-to-noise ratio, but with little influence on CD spectral shape. 13 But if particles are chiral, differential scattering for the right and left circularly polarized components will take place.
So far the only practical way to improve CD data has been to place the detector as close as possible to the sample, to increase the solid angle 14 (i.e. collecting as far as possible the forward scattering component). Several models to compensate AF in these cases were reported, mainly based on the regular absorption (or the photomultiplier tube high voltage, which is directly related to absorbance), as in a brilliant case recently published. 15 However, as we have shown earlier, the problem comes up when the CD band is not at the same wavelength as the absorption one; in these cases, the CD spectral shape correction may be arbitrary. A series of measurements at different dilutions seems probably the most reliable way to reduce AF artifacts, or at least to estimate the influence of AF in spectral data.
Finally we would like to make the following remark: even very common CD thermal melting experiments of biomolecules may be influenced by AF, particularly when dealing with short pathlength cells, where it is common to see air bubbles growing within the sample when the temperature is increasing. These phenomena will give, almost by definition, AF effects, prone to alter spectral shape and/or to limit data fidelity at monitoring wavelength. The same sort of problems may be present dealing with frozen samples. 
